The purpose of the study was to investigate the relationship between sleep disordered breathing (SDB) and degree of heart failure (HF) in patients with coronary heart disease (CHD). A total of 3017 patients (77.4% men and 22.6% women) were included in the study. Clinical examination and echocardiography for evaluation of HF using NYHA functional classification and sleep polysomnography were performed. The study demonstrated that SDB is more common in CHD patients with higher NYHA functional class. The prevalence of central sleep apneas against obstructive apneas was observed in patients with mild and moderate HF. The number of central apneas was strongly related to the severity of heart failure. More frequent appearance of central sleep apneas is predominantly due to instability of ventilatory control systems during sleep because of impaired cardiac function in HF patients. Sleep architecture was more disturbed in CHD patients with higher NYHA functional class. A gradual increase of stage 1 and wakefulness after sleep onset and a decrease of sleep stages 3-4 and REM sleep as well as a diminution of sleep efficiency with worsening of NYHA functional class were observed. We suggest that both SDB and disturbed sleep variables independently significantly correlate with manifestation of HF.
INTRODUCTION
Sleep disordered breathing (SDB) is a common chronic disorder with a major impact on morbidity and mortality in the general population [1, 2] . Moderate to severe sleep apnoea was reported to be present in 5.7% [3] . Other studies found the prevalence of moderate sleep apnoea to be between 1% and 14%, thus it is reasonable to assume that 1 in 5 adults has at least mild sleep apnoea, and 1 in 15 adults has at least moderate sleep apnoea [4] .
SDB is recognized as an independent risk factor for cardiovascular impairment [5] . Hypertension, coronary heart disease (CHD), diabetes, heart rhythm and conduction abnormalities, cerebrovascular disease, and heart failure (HF) have all been linked to this syndrome [6] [7] [8] .
On the other hand, CHD is a major risk factor for HF which is increasingly becoming a health concern worldwide, since it contributes to increased morbidity and mortality. It has been reported that sleep disordered breathing (SDB) is experienced by approximately half of the patients with HF [9] [10] [11] [12] .
SDB is classified mainly as either obstructive sleep apnoea (OSA) or central sleep apnoea (CSA). The former is characterized by repetitive collapse of the upper airway, whereas the latter is due to periodic loss of ventilatory drive [9] . In contrast to OSA, it is likely that CSA is a consequence rather than a cause of heart failure (HF). CSA is more frequent among HF patients and related to HF severity [9, 10] . CSA may promote disease progression and mortality in HF patients [11, 12] . While OSA is a cardiovascular risk factor per se [13] [14] [15] [16] , CSA appears to be a marker of HF severity [17, 18] . However, the relationship between severity of SDB and incident HF has been less studied. Since the presence of SDB has a predictive value for the development of CHD and is known to be associated with established HF [19] , we hypothesized that the severity of HF would also predict a degree of SDB.
Thus, the aim of the study was to specify the relationship between sleep apnoea and degree of heart failure in patients with coronary heart disease.
METHODS

Subjects
Consecutive patients diagnosed with CHD attending rehabilitation program at the Cardiovascular Rehabilitation Clinic of the Behaviour Medicine Institute of the Lithuanian University of Health Sciences in Palanga, Lithuania during the period from 2000 to 2006 were included in the study. A total of 3017 patients (77.4% men and 22.6% women; mean age 59.7 ± 9.9 years) were included in the study. All the patients were on standard treatment for secondary prevention of CHD according to existing guidelines.
Procedure and Instruments
The study was planned according to the declaration of Helsinki and approved by the Lithuanian Ethical Committee. The subjects of the study gave a written informed consent.
All patients had a clinical cardiovascular examination and were evaluated for demographic characteristics, for past and current CHD diagnosis and treatments. The study patients underwent two-dimensional transthoracic echocardiography on the day of the sleep study. The left ventricle ejection fraction was calculated using Simpson's biplane methods. The definition of HF was the presence of cardiac symptoms and moderately or severely reduced ventricular systolic function. The HF was determined according to the New York Heart Association (NYHA) functional classification system which describes the impact of heart failure on a patient's daily activities [20] . A higher class indicates more severe symptoms, limitation in physical activity, and worse health.
NYHA classification-The stages of heart failure [20] .
Class Patient Symptoms
Class I (No impact)
No limitation of physical activity. Ordinary physical activity does not cause undue fatigue, palpitation, or dyspnea (shortness of breath).
Class II (Mild)
Slight limitation of physical activity. Comfortable at rest, but ordinary physical activity results in fatigue, palpitation, or dyspnea.
Class III (Moderate)
Marked limitation of physical activity. Comfortable at rest, but less than ordinary activity causes fatigue, palpitation, or dyspnea.
Class IV (Severe) Unable to carry out any physical activity without discomfort. Symptoms of cardiac insufficiency at rest. If any physical activity is undertaken, discomfort is increased.
Sleep data were recorded using standard polysomnography. Electrooculography, electroencephalography, chin electromyography, nasal flow, thoracic and abdominal respiration, and finger pulse oximetry were recorded using Alice-4 model polysomnograph (Respironics). The records were scored with the Rechtshaffen and Kales criteria [21] . The total number of apneas and hypopneas per hour of sleep was determined, as well as the total number of obstructive (OSA), central (CSA), and mixed sleep apneas (MSA) and hypopneas per hour. Apnoe-hypopnea index (AHI) was defined as the total number of apneas plus hypopneas per hour of sleep. OSA, CSA and MSA and hypopnea indexes were defined as the total number of respective apneas/hypopneas per hour of sleep. OSA was defined as cessation of oronasal airflow for ≥10 s in the presence of out-of-phase thoracoabdominal effort or as a fall in oronasal airflow for ≥10 s with out-of-phase thoracoabdominal movement associated with a ≥4% fall in SpO 2 . CSA was defined as an absence of oronasal airflow during sleep for ≥10 s associated with absent respiratory effort or any reduction in oronasal airflow for ≥10 s associated with in-phase thoracoabdominal movement and a ≥4% fall in SpO 2 . MSA was defined as an event which begins as CSA and develops into the obstructive form in parallel with a ≥4% fall in SpO 2 . A hypopnea was defined as a decrement in airflow ≥50% but <90% from baseline for ≥10 seconds and a ≥4% fall in SpO 2 . The oxygen desaturation index was defined as the total number of a ≥4% fall in SpO 2 per hour of sleep. The average oxygen saturation value was calculated over all valid SpO 2 values. The average duration of desaturation events, the maximum desaturation from baseline and maximum duration of desaturation events were also calculated.
Data Analyses
The data were analyzed with SPSS version 21.0. Descriptive statistics, ANOVA with post-hoc Bonferroni comparisons and multinomial logistic regression were performed to address the study aims if testing for normal distribution (Kolmogorov-Smirnov) passed. Quantitative variables values were expressed as mean with 95% confidence interval. The chi-squared test was used to analyze the association between the categorical variables.
Direct effects of sleep and respiratory variables between NYHA functional classes were analyzed using general linear models (GLM) adjusted by gender, age, body mass index, arterial hypertension, myocardial infarction, diabetes.
The adjusted multivariate analysis was performed with controlled covariates for gender, age, body mass index, arterial hypertension, myocardial infarction and diabetes. Sleep apnea and oxygen desaturation events per hour were initially categorized with apnea-hypopnea index (events/h) as: none (≤5.0), mild (5.1 to 15.0), moderate (15.1 to 30.0) and severe (≥30.0). Multivariate logistic regression models were used to identify odds ratios (OR) between NYHA functional class and severity apnea-hypopnea and severity oxygen desaturation levels. The adjusted odds ratios results of multinomial logistic regression provide comparison the three NYHA functional class patient groups for: 1) NYHA class II patients versus NYHA class I patients and 2) NYHA class III patients versus NYHA class I patients. Models were adjusted for covariates of gender, age, body mass index, arterial hypertension, myocardial infarction, diabetes. A value of P < 0.05 and less was considered significant for all comparisons.
RESULTS
Demographic Characteristics
The mean age of the 3017 patients was 59.7 (SD 9.9) years ( Table 1) . The patients were older in groups with higher NYHA functional class (P < 0.001). Approximately one-fourth there was women in the total group as well as in all groups with different NYHA functional class. A body mass index significantly (P < 0.001) increased in parallel with worsening of NYHA functional class reaching the highest values in patients with NYHA functional class III. A total of 2065 (68.4%) patients had myocardial infarction and 286 (9.5%) had diabetes mellitus. The patient groups with different NYHA functional class statistically significantly differ in cases of myocardial infarction, arterial hypertension and diabetes (P < 0.001). Myocardial infarction and diabetes were characteristic for NYHA class III patients; while arterial hypertension for NYHA class II patients (P < 0.001).
A higher systolic arterial blood pressure was observed in NYHA functional class III patients, as compared with NYHA class I patients (P < 0.01). There were no significant differences in diastolic arterial blood pressure values in different groups distributed according NYHA functional class. Left ventricle ejection fraction was 46.8% in the total group and a statistically significant (P < 0.001) reduction in parallel with worsening of heart failure in higher NYHA functional class groups was observed.
Sleep Variables
Sleep latency time increased in parallel with higher NYHA functional class; however a statistically significant (P < 0.001) increase was observed in NYHA functional class III patients, as compared with NYHA functional class I patients ( Table 1) . The total sleep time was statistically significantly decreased in NYHA functional class III patients, as compared with NYHA functional class II and NYHA functional class I patients.
A statistically significant (P < 0.001) decrease in sleep efficiency was observed in parallel with the worsening of NYHA functional class reaching 83.5% in patients with NYHA class III because of an increase (P < 0.001) of wakefulness after sleep onset up till 16.1%.
The sleep architecture was mostly disturbed in patients with NYHA functional class III ( Table 1) . There was observed a gradual increase (P < 0.001) of stage 1 and a gradual decrease (P < 0.001) of stages 3-4 and REM sleep with worsening of NYHA functional class. Only stage 2 did not differ among different NYHA functional class patients. The highest number of body movements was observed in NYHA functional class III patients; however statistically significant difference (P < 0.001) was only between patients of NYHA functional class III and NYHA functional class I patient groups.
General linear model analysis confirmed that the significant differences remain for all sleep variables in different NYHA functional class patients' groups except for sleep latency time, total sleep time, stage 2 and body movements.
Respiratory Events
Patients had none (≤5) (n = 1796 (59.5%)), mild (5.1 to 15.0) (n = 709 (23.5%)), moderate (15.1 to 30) (n = 320 (10.6%)), and severe (>30) (n = 192 (6.4%)) ( Table  1) .
In total group of CHD patients the average of AHI was 8.3 event/h. Central sleep apneas (1.32 events/h) were observed more frequently (P < 0.001), as compared with obstructive (1.06 events/h) or mixed (0.45 events/h) sleep apneas. A statistically significant (P < 0.001) increase of AHI from 6.5 events/h in NYHA functional class I patients to 8.0 events/h in NYHA functional class II, and 12.1 events/h in NYHA functional class III patients was observed. The changes of number of central, obstructive or mixed sleep apneas were in the same direction as of AHI in different groups distributed according to NYHA functional class. The patients with NYHA functional class III, as compared with patients in NYHA functional class II or NYHA functional class I, demonstrated the highest number of different apneas-hypopneas (P < 0.001).
Oxygen desaturation index followed the changes of AHI in all patient groups: from 7 events/hour in NYHA functional class I patients till 7.4 events/hour in NYHA class II, and 12.4 events/h in NYHA class III patients. Statistically significant differences were observed between NYHA class III patients and NYHA class II or NYHA class I patients (P < 0.001). The average oxygen saturation was 83.5% in total group and did not differ significantly among all three patient groups. However, maximum desaturation drop from the baseline was observed in NYHA functional class III patients (10.2%), as compared with NYHA class II (8.4%, P < 0.05) and NYHA class I (7.8%, P < 0.001) patients. Maximum duration of desaturation events demonstrated the similar changes.
An analysis of respiratory variables in CHD patients' groups when adjusting for gender, age, body mass index, arterial hypertension, myocardial infarction, and diabetes demonstrated that statistically significant differences of variables in different NYHA functional class groups remain the same, except the number of central apneas and average oxygen saturation.
Relation between Respiratory Events and Heart Failure
Multivariate logistic regression analysis adjusted for all covariates revealed that patients with NYHA functional class II had 1.41 (95% CI = 1.04 -1.91) times increased odds of having moderate AHI (between 15.1 to 30.0 events per hour) ( Table 2) . Patients with NYHA functional class III demonstrated the highest odds for moderate (OR = 1.81; 95% CI = 1.29 -2.53) and severe (OR = 2.19; 95% CI = 1.47 -3.27) AHI. Oxygen desaturation index was associated with increased odds for severe desaturation (OR = 1.24; 95% CI = 1.24 -2.63) for all covariates only in NYHA functional class III (Table  3) .
DISCUSSION
SDB represents one of the major public health problems affecting many individuals worldwide. The prevalence of SDB in the general community was defined by large epidemiological studies. The prevalence ranged from 9% in men and 4% in women (602 subjects, aged 30 -60 years, AHI ≥ 15) in the Wisconsin Sleep Study Cohort [3] to 3.3% in men (741 subjects, aged 20 -100 years, AHI ≥ 10) [22] and 1.2% in women (1000 subjects, aged 20 -100 years, AHI ≥ 10) [23] in the Southern Pennsylvanian Study Cohort. In the large Sleep Heart Health Study, the overall prevalence rate was 18% (5615 subjects, 53% female, AHI ≥ 15), with 2:1 male predominance (prevalence of 25% in men and 11% in women) and men with severe obstructive sleep apnea have a 58% higher adjusted risk of incident HF than men without OSA [24] .
SDB may be considered as a public health problem because of clinical consequences for the patient as sleep apnea syndrome is an increasingly common chronic condition that affects many diseases as CHD, hypertension, diabetes etc [6] [7] [8] [9] [10] 25] . This is in line with our results showing that patients with higher NYHA functional class have more cases of myocardial infarction and diabetes as well as more apneas-hypopneas.
Mechanisms by which SDB may aggravate CHD include sympathetic nervous system activation that results from intermittent hypoxemia and hypercapnia during sleep, repeated episodes of hypoxemia and reoxygenation evoke hypoxic and oxidative stress which is the main factor causing systemic inflammation, endothelial dysfunction, increased production of vasoactive substances, and insulin resistance, with resultant hypertension, hyperlipidemia, and diabetes mediating the cardiovascular consequences [26, 27] .
The major effect of SDB on cardiovascular function is an intermittent hypoxia during sleep activating negative molecular mechanisms, sympathetic activity and increasing arterial blood pressure [28, 29] ; however, statistically significant increase of systolic arterial pressure is observed only in NYHA functional class III patients displaying moderate HF; while diastolic blood pressure values remain the same in all patient groups. We speculate that other mechanisms, but not elevated arterial blood pressure, may play the main role in pathogenesis of SDB in HF patients.
The two main types of SDB, obstructive and central sleep apneas, are determined by different mechanisms. In obstructive sleep apnea, there is primarily a failure to maintain airway patency resulting in obstruction, while OSA is predominantly due to the instability of ventilatory control systems, accentuated when feedback loops become abnormal, as in HF. This explains why central sleep apneas are more frequent in HF patients. The most important pathophysiological mechanisms responsible for central sleep apneas in HF [30] are a hypocapnia-induced apnoeic threshold during sleep [30] , in combination with enhanced central chemoreceptor sensitivity [31] and elevated pulmonary capillary wedge pressure [32] .
In our study we found a prevalence of central sleep apneas over obstructive apneas in patients with worsening of NYHA functional class. The reason for higher rates of central sleep apneas may be explained by higher rate of HF in those patients. The higher proportion of CHD, myocardial infarction, reduced left ventricle ejection fraction and lower rates of arterial hypertension in NYHA class II and class III patient groups confirm that central sleep apneas may be associated with primarily ischemic versus hypertensive etiology of HF. The reduction of left ventricle ejection fraction and an increase of number of central apneas with the worsening of HF support this explanation. The previous findings also demonstrate that patients with systolic dysfunction had signifycant central sleep apneas [33, 34] . Other studies have documented a high prevalence of OSA in patients with systolic [10,35-38.] as well as diastolic [39] HF. Therefore, alterations in cardiac function during sleep may influence apnea type in HF patients.
Pathophysiological studies demonstrated that in patients with HF, the shift from OSA to CSA is associated with a reduction in carbon dioxide partial pressure (pCO 2 ) related to an overnight deterioration in cardiac function because of the concurrent lengthening of circulation time [40, 41] . Further studies confirmed that the characteristics of sleep apnea can change in HF patients with obstructive or central sleep apnea when periodic breathing happens because of modifications in wake and sleep pCO 2 , the length of periodic breathing cycle, lung to finger circulation time, and possibly by impaired heart function [42] . Circulation time increases in HF patients due to reduced cardiac output and results in delay in central chemoreceptor sensing of alterations in arterial pCO 2 [43] . These changes are associated with an alteration in apnea type and lead to appearance of central apneas.
There is evidence of an association between sleep disturbances and CHD [44] , and OSA has been demonstrated to increase the risk of CHD [5] . Sleep disturbances [45,46.] and SDB [10, 47] are associated with manifest HF. The sleep variables in our study a significantly differ among the patient groups with different NYHA functional class; being mostly disturbed in NYHA class III patients displaying moderate HF. We have found statistically significantly increased stage 1 and wakefulness after sleep onset and significantly decreased stages 3-4 and REM sleep without statistically significant modifications in total sleep time in patients with higher NYHA class. Therefore we suggest that both SDB and disturbed sleep variables independently significantly correlate with manifestation of HF.
CONCLUSIONS
The study demonstrated that SDB is more common in CHD patients with higher NYHA functional class. The prevalence of central sleep apneas against obstructive was observed in patients with mild and moderate HF. The number of central sleep apneas was strongly related to the severity of HF.
Disturbed sleep architecture was observed in CHD patients with higher NYHA functional class. A gradual increase of stage 1 and wakefulness after sleep onset and a decrease of sleep stages 3-4 and REM sleep as well as a diminution of sleep efficiency with worsening of HF were observed.
